Characteristics of Spontaneous Magnetic Field of Artificial Crack Induced by Complex Stress in Large Components  by Guo, P.J. et al.
 Procedia Engineering  130 ( 2015 )  1642 – 1648 
1877-7058 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ICPVT-14
doi: 10.1016/j.proeng.2015.12.354 
ScienceDirect
Available online at www.sciencedirect.com
WK,QWHUQDWLRQDO&RQIHUHQFHRQ3UHVVXUH9HVVHO7HFKQRORJ\
&KDUDFWHULVWLFVRI6SRQWDQHRXV0DJQHWLF)LHOGRI$UWLILFLDO&UDFN
,QGXFHGE\&RPSOH[6WUHVVLQ/DUJH&RPSRQHQWV
3-*XRD:+*XDQD&=<DQD=&4LQD;'&KHQD
aHefei General Machinery Research Institute, Changjiang West Road 888#, Hefei, 230031,China 
$EVWUDFW
,QWKLVVWXG\WKHUHJXODULW\RIVSRQWDQHRXVPDJQHWLFILHOGRIDUWLILFLDOFUDFNVLQDVHDPOHVVJDVF\OLQGHUZDVLQYHVWLJDWHGE\PHWDO
PDJQHWLF PHPRU\ WHFKQLTXH GXULQJ IDWLJXH WHVWLQJ 7KH UHVXOWV VKRZHG WKDW WKH UHJXODULW\ RI PDJQHWLF VLJQDOV KDG D VWURQJ
UHODWLRQ ZLWK WKH GHJUHH RI VWUHVV FRQFHQWUDWLRQ DURXQG FUDFN XQGHU FRPSOH[ VWUHVV 0RUHRYHU WKH FKDUDFWHULVWLF RI QRUPDO
FRPSRQHQWRIVSRQWDQHRXVPDJQHWLFILHOGHS\DQGPD[LPXPPDJQHWLFILHOGJUDGLHQWKPD[ZHUHLQYHVWLJDWHGZKHQPHDVXUHG
SHUSHQGLFXODU DV ZHOO DV SDUDOOHO WR WKH FUDFN ,W LV PRUH GLIILFXOW WR TXDQWLWDWLYH WKH FUDFN E\HS\ VLJQDOV XVLQJ PDJQHWLF
PHPRU\WHFKQLTXH
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKHRUJDQL]LQJFRPPLWWHHRI,&397
Keywords:6SRQWDQHRXVPDJQHWLFILHOG0DJQHWLFIOX[OHDNDJH&UDFNSURSDJDWLRQ)DWLJXHGDPDJH0HWDOPDJQHWLFPHPRU\WHFKQLTXH
,QWURGXFWLRQ
0RVWHQJLQHHULQJFRPSRQHQWVDQGVWUXFWXUHV LQVHUYLFHDUHZRUNLQJXQGHU IDWLJXH ORDGZKLFKXVXDOO\ OHDGV WR
FDWDVWURSKLFIDLOXUH5HVHDUFKUHSRUWVVKRZWKDWWKHLQLWLDWLRQRIPLFURFUDFNVWKDWVWDUWVLQWKHHDUO\VWDJHRIIDWLJXH
GDPDJHFDQH[LVWLQWKHPRUHWKDQRIWKHZKROHVHUYLFHOLIH>@7KHUHIRUHLWLVRIJUHDWLPSRUWDQFHWRILQGD
PHWKRG WRDVVHVV WKH VWUHVVFRQFHQWUDWLRQGHJUHHRU LQLWLDWLRQRIPLFURFUDFN IRU IDWLJXHGDPDJHRI IHUURPDJQHWLF
FRPSRQHQWV
7UDGLWLRQDO QRQGHVWUXFWLYH WHFKQLTXHV VXFK DV ;UD\ WHVWLQJ VXUIDFH WHVWLQJ XOWUDVRQLF WHVWLQJ HGG\ FXUUHQW
WHVWLQJ DUH LQVHQVLWLYH WR VWUHVV FRQFHQWUDWLRQ DQGPLFURFUDFN 7KH VLWXDWLRQ KDV EHHQ FKDQJHGZKHQ WKH5XVVLD


&RUUHVSRQGLQJDXWKRU7HOID[
E-mail address:SHQJMX#FRP
© 2015 The Authors. Published by lsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ICPVT-14
1643 P.J. Guo et al. /  Procedia Engineering  130 ( 2015 )  1642 – 1648 
H[SHUWVILUVWSURSRVHGPHWDOPDJQHWLFPHPRU\WHFKQLTXH0007LQWKHODWHV>@7KHEDVLFSULQFLSOHRIWKLV
PHWKRGZDVGHVFULEHGLQGHWDLOVLQUHIV>@DQGFDQEHVXPPDUL]HGEULHIO\DVIROORZVWKHPDJQHWLFGRPDLQVZLOO
EHLUUHYHUVLEO\RULHQWDWHGWR WKHGLUHFWLRQRIVWUHVVXQGHUDFWLRQVRI WKHJHRPDJQHWLFILHOGDQGVWUHVV7KLVSURFHVV
FDXVHV WKH JHQHUDWLRQ RI VSRQWDQHRXVPDJQHWLF ILHOG LQ WKH VWUHVV FRQFHQWUDWLRQ ]RQH DQG WKH YLFLQLW\ RI GHIHFWV
0RUHRYHUWKHPDJQHWLFVWDWHUHPDLQVZKHQORDGLVUHPRYHGEHFDXVHRIWKHPDJQHWLFK\VWHUHVLVZKLFKLVWKHQDWXUH
RIIHUURPDJQHWLFVWHHOV
8SWRQRZLQYHVWLJDWLRQVRQWKHIDWLJXHGDPDJHXVLQJ0007PHWKRGKDYHREWDLQHGPDQ\PHDQLQJIXOUHVXOWV
>@7KHUHJXODULW\RIVSRQWDQHRXVPDJQHWLFILHOGZDVLQYHVWLJDWHGLQWKHIDWLJXHFUDFNSURSDJDWLRQSURFHVVXQGHU
WKHG\QDPLFEHQGLQJORDG>@DQGWKHF\FOLFWHQVLOHORDG>@,QWKRVHLQYHVWLJDWLRQVKRZHYHUWKHXVHGVDPSOHVZHUH
VPDOOLQVL]HDQGWKHVWUHVVLVVLPSOH)XUWKHUPRUHRQO\WKHPDJQHWLFILHOGSHUSHQGLFXODUWRWKHFUDFNZDVPHDVXUHG
>@,QWKLVSDSHUWKHHS\FXUYHVRIHDFKDUWLILFLDOFUDFNGXULQJSXOVHIDWLJXHWHVWVXQGHUFRPSOH[ORDGLQJZHUH
PHDVXUHG7KHFKDUDFWHULVWLFRIHS\FXUYHVZDVPHDVXUHGLQGLUHFWLRQVQRWRQO\SHUSHQGLFXODUEXWDOVRSDUDOOHOWR
WKHFUDFN,QDGGLWLRQTXDQWLWDWLYHVWXG\RIWKHFUDFNSURSDJDWLRQZDVDOVRDWWHPSWHGEDVHGRQHS\FXUYHV

1RPHQFODWXUH
HS\ PDJQHWLFVLJQDOVPHDVXUHGE\0007
K  PDJQHWLFILHOGJUDGLHQW
KPD[ WKHPD[LPXPYDOXHRIPDJQHWLFILHOGJUDGLHQW
ƸHS\ SHDNSHDNDPSOLWXGHRIHS\VLJQDOV
Ƹp  SHDNSHDNZLGWKRIHS\VLJQDOV
N  ORDGLQJF\FOHV
([SHULPHQWDOGHWDLOV
7KH VHDPOHVV JDV F\OLQGHU LVPDGH RI &U0R VWHHOZLWK QRPLQDO WKLFNQHVV RI PP$W ILUVW WZR DUWLILFLDO
FUDFNVZLWKQRPLQDOGHSWKDQGOHQJWKRIPPhPPDQGPPhPPUHVSHFWLYHO\ZHUHSUHSDUHGRQWKH
VXUIDFH RI WKH JDV F\OLQGHU$IWHU  IDWLJXH F\FOHV DQRWKHU DUWLILFLDO VXUIDFH FUDFNZLWK QRPLQDO GHSWK DQG
OHQJWKRIPPhPPZDVSUHSDUHG7KHSRVLWLRQRIWKHFUDFNVLQWKHJDVF\OLQGHUZDVVKRZQLQ)LJD7KH
VWUHVVFRQFHQWUDWLRQIDFWRUĮZDVGHILQHGDVWKHUDWLRRIWKHPD[LPXPORFDOVWUHVVDWWKHFUDFNXQGHUH[WHUQDOORDG
WR WKH QRPLQDO VWUHVV ZLWKRXW FUDFN )RU  PP  PP DQG  PP GHHS FUDFN Į LV   DQG 
UHVSHFWLYHO\


)LJ6NHWFKPDSRIWKHSRVLWLRQRIPPPPDQGPPGHHSFUDFNLQWKHJDVF\OLQGHUDDQGWHVWLQJSDWKRI0007E
7KH IDWLJXH WHVWVZHUHGRQHRQKRPHPDGH WHVWLQJPDFKLQH SXOVH IDWLJXH WHVWV RI FRQVWDQW DPSOLWXGH WULDQJOH
ZDYHIRUPZHUHSHUIRUPHGZLWKWKHPD[LPXPVWUHVVRI03DDQGWKHG\QDPLFORDGHUURULVZLWKLQf 
,QWKHIDWLJXHWHVWVWKHF\OLQGHUZDVXQORDGHGZKHQWKHQXPEHURIORDGLQJF\FOHVUHDFKHGWR
DQGLQRUGHUWRPHDVXUHWKHVSRQWDQHRXVPDJQHWLFILHOGDURXQGWKHDUWLILFLDOFUDFNVRIPPDQGPP
GHHS FUDFNV E\ 76&0 W\SH LQVWUXPHQW XVLQJ WZRFKDQQHO SUREH 7KHQ WKHPDJQHWLF VLJQDOVZHUHPHDVXUHG
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DURXQG WKH PPGHHS FUDFN DIWHU DQRWKHU  ORDGLQJ F\FOHV DQG WKH JDV F\OLQGHU IDLOHG DW  F\FOHV7KH
LQVWUXPHQWZDVFDOLEUDWHGLQWKHJHRPDJQHWLFILHOGWKHYDOXHRIZKLFKZDVDVVXPHGWREH$P
7KHVSRQWDQHRXVPDJQHWLFILHOGZDVPHDVXUHGQRWRQO\SHUSHQGLFXODUEXWDOVRSDUDOOHOWRWKHFUDFNDVVKRZQLQ
)LJE7KHWZRFKDQQHOVZHUHSODFHGV\PPHWULFDOO\WRFUDFNZKHQPHDVXUHGSDUDOOHOWRFUDFN7KHVWDUWLQJSRLQWRI
PHDVXUHPHQW LV PP DZD\ IURP WKH FUDFN ,Q WKLV FDVH WKH VHOIPDJQHWLF ILHOG OHDNDJH RI WZR FKDQQHOVZDV
SUHVHQWHG:KHQPHDVXUHGSHUSHQGLFXODUWRWKHFUDFNRQO\RQHFKDQQHORIVLJQDOVZDVSUHVHQWHGEHFDXVHWKHWZR
FKDQQHOVH[KLELWQHDUO\WKHVDPHUHVXOWV
7KHXOWUDVRQLFWHVWLQJZDVXVHGWRUHFKHFNZKHWKHUWKHFUDFNKDVEHHQSURSDJDWHGDIWHUIDWLJXHWHVWV)XUWKHUPRUH
WKH7LPH2I)OLJKW'LIIUDFWLRQ72)'WHFKQLTXHZDVDSSOLHGWRKDYHGLUHFWLQIRUPDWLRQRIWKHPPGHHSFUDFN
5HVXOWVDQGDQDO\VLV
7RGHVFULEHWKHYDULDWLRQRIVSRQWDQHRXVPDJQHWLFILHOGHS\WKHJUDGLHQWRIPDJQHWLFILHOGKZDVJLYHQE\(T
DVIROORZLQJ
  pK dH y dL   
ZKHUH/LVWKHPHDVXULQJGLVWDQFH,QWKLVSDSHUWKHKPD[LVWKHPD[LPXPYDOXHRIKDURXQGWKHFUDFN
3.1. Spontaneous magnetic field of 0.5 mm deep surface crack 
)LJXUHVKRZVWKHHIIHFWRIORDGLQJF\FOHVRQPDJQHWLFPHPRU\VLJQDOVRIPPGHHSFUDFN7RTXDQWLI\WKH
FUDFNSURSDJDWLRQWZRSDUDPHWHUVZHUHLQWURGXFHGƸHS\LVGHILQHGDVWKHSHDNSHDNDPSOLWXGHRIHS\VLJQDOV
DQGƸp DV WKH SHDNSHDNZLGWK RIHS\ VLJQDOV )LJ D ,W FDQ EH VHHQ WKDWƸHS\ DQGƸp DOPRVW GLG QRW
FKDQJHZLWKWKHORDGLQJF\FOHVZKLFKLVFRQVLVWHQWZLWKWKHIDFWWKDWWKHVL]HRIWKHFUDFNDUHQRWFKDQJHGGXULQJ
ORDGLQJF\FOHV

  
    
)LJ9DULDWLRQRIHS\VLJQDOVDQGKPD[ZLWKORDGLQJF\FOHVZKHQPHDVXUHGSHUSHQGLFXODUDEDQGSDUDOOHOFGWRPPGHHSFUDFN
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0RVW LQWHUHVWLQJO\ WKH FXUYHV SURILOH RU YDULDWLRQ WUHQG LV GLIIHUHQW LI WKH DQJOH EHWZHHQ WKH PHDVXUHPHQW
GLUHFWLRQDQGFUDFNLVGLIIHUHQW)RUH[DPSOHHS\FKDQJHVLWVSRODULW\DERYHFUDFNZKHQPHDVXUHGSHUSHQGLFXODU
WRWKHFUDFN)LJDZKLOHHS\KDVDEURDGSHDNRYHUFUDFNZKHQPHDVXUHGSDUDOOHOWRWKHFUDFN)LJF
,QWKHSUHVHQWVWXG\WKHFUDFNRQWKHWKLQZDOOHGJDVF\OLQGHUEHDUVQRWRQO\D[LDOVWUHVVıDEXWDOVRKRRSVWUHVV
ıKLQIDWLJXHWHVWLQJDQGıK ıD7KHUHIRUHWKHHIIHFWRIVWUHVVRQPDJQHWLFVLJQDOVLVFRPSOH[LQJDVF\OLQGHUWKDQ
WKDWLQVPDOOVDPSOHXVHGLQODERUDWRU\XQGHUWHQVLRQWHQVLRQORDG>@,QWKLVVWXG\WKHUHODWLRQEHWZHHQKPD[DQGN
LVVLPLODUWRWKHVHFRQGVWDJHSURSRVHGE\'XERY>@DQGRWKHUV>@ZKHUHWKHHS\FKDQJHGYHU\OLWWOHDQGWKHK
EHFDPHXQLIRUP7KHODFNRIVWDJHRQHLQWKLVVWXG\PD\EHUHODWHGWRWKHOHVVHIIHFWRILQLWLDOPDJQHWLFVLJQDOVRQ
VSRQWDQHRXVPDJQHWLFILHOGZLWKORDGLQJF\FOHV>@
3.2. Spontaneous magnetic field of 1.5 mm deep surface crack 
)LJXUHSUHVHQWVWKHUHVXOWVIRUWKHPPGHHSVXUIDFHFUDFN$VVKRZQLQ)LJDDEQRUPDOPDJQHWLFVLJQDOV
FKDQJHVKDUSO\DWFUDFNVDWGLIIHUHQWORDGLQJF\FOHVZKHQPHDVXUHGSHUSHQGLFXODUWRWKHFUDFN7KHHS\FKDQJHV
IURPSRVLWLYHYDOXHWRQHJDWLYHYDOXHDURXQGFUDFNDQGWKH]HURFURVVLQJSRLQWRIWKHFXUYHVDSSHDUVDWWKHFHQWHURI
FUDFN0RUHRYHUƸHS\ LQFUHDVHVZLWK ORDGLQJ F\FOHV ZKLFK LQGLFDWHV WKH VWUHVV FRQFHQWUDWLRQ DURXQG PP
GHHSFUDFNLQFUHDVHVLQWHQVLYHO\ZLWKWKHLQFUHDVHRIORDGLQJF\FOHV&RQYHUVHO\ƸpKDVQRDSSDUHQWFKDQJHZLWK
ORDGLQJF\FOHV
$VVKRZQLQ)LJEWKHKPD[LQFUHDVHVOLQHDUO\ZLWKORDGLQJF\FOHVZKLFKFDQEHGHVFULEHGE\(T
 maxK aN b    
ZKHUHDDQGEDUHFRQVWDQWVUHODWHGZLWKWKHPDWHULDODQGVWUHVVDSSOLHGRIWKHVSHFLPHQ,QWKHH[SHULPHQWDLV
DQGELV,WFDQEHVHHQWKDWWKHFXUYHRIKPD[YHUVXVNFDQEHZHOOILWWHGE\(TLQ)LJE,QWKHSUHVHQWFDVH
VLQFHWKHFUDFNLVDOUHDG\DPDFURFUDFNWKHVWUHVVFRQFHQWUDWLRQLQFUHDVHVZLWKIDWLJXHF\FOHVLQWKHYLFLQLW\RIWKH
FUDFN LQ WKHYHU\HDUO\VWDJHRI WKHIDWLJXH WHVW7KHUHIRUH WKHEHKDYLRURIKPD[YHUVXVN ORRNV OLNH WKHVRFDOOHG
WKLUGVWDJHUHSRUWHGLQSUHYLRXVVWXGLHV>@ZKHUHWKHPLFURFUDFNRFFXUUHG

  
   
)LJ9DULDWLRQRIHS\VLJQDOVDQGKPD[ZLWKORDGLQJF\FOHVZKHQPHDVXUHG3HUSHQGLFXODUDEDQGSDUDOOHOFGWRPPGHHSFUDFN
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)LJXUHFSUHVHQWVWKHPDJQHWLFDEQRUPDOVLJQDOVDUHD,RIWKHPPGHHSFUDFNZKHQPHDVXUHGSDUDOOHOWRWKH
FUDFN ,W FDQ EH VHHQ WKDW WKH HS\ FXUYHV SURILOH LV FOHDUO\ GLIIHUHQW IURP WKDW REWDLQHG ZKHQ PHDVXUHG
SHUSHQGLFXODUWRWKHFUDFNWKDWLVHS\H[KLELWVDEURDGSHDNDQGHS\DQGHS\KDYHRSSRVLWHSRODULWLHVDWWKH
DUHDRI FUDFN+RZHYHU WKHDPSOLWXGHRIHS\ DQGKPD[ )LJG DURXQG WKHFUDFN LQFUHDVHZLWK ORDGLQJF\FOHV
ZKLFKLVVLPLODUWRWKDWZKHQPHDVXUHGSHUSHQGLFXODUWRWKHFUDFN
6LPLODU WR RWKHU PDJQHWLF QRQGHVWUXFWLYH WHVWLQJ PHWKRG VXFK DV HGG\ FXUUHQW WHVWLQJ PDJQHWLF IOX[ OHDNDJH
WHFKQLTXH WKH0007DOVR IDFHV D FKDOOHQJHRQKRZ WRTXDQWLWDWLYHO\ FKDUDFWHUL]HGHIHFWVE\PDJQHWLFPHPRU\
VLJQDOV ,QTXDQWLWDWLYHVWXG\RIGHIHFWVE\PDJQHWLF IOX[ OHDNDJHSHDNSHDNDPSOLWXGHDQGSHDNSHDNZLGWKZLOO
JLYHVRPHXVHIXOLQIRUPDWLRQEHFDXVHQRWRQO\SHDNSHDNDPSOLWXGHEXWDOVRSHDNSHDNZLGWKLVVHQVLWLYHWRFUDFN
GHSWKDQGZLGWK>@,QWKHSUHVHQWFDVHWKHPPGHHSFUDFNKDVQRWSURSDJDWHGDIWHUORDGLQJF\FOHVXSWR
7KH LQFUHDVH RIƸHS\ ZLWK ORDGLQJ F\FOHV LV FDXVHG E\ WKH VWURQJ PDJQHWRPHFKDQLFDO HIIHFW GXH WR VWUHVV
FRQFHQWUDWLRQDFFXPXODWHGGXULQJIDWLJXHWHVWLQJVHH)LJ7KHUHIRUHWKHPDJQHWRPHFKDQLFDOHIIHFWPDNHVWKH
TXDQWLWDWLYHVWXG\RIGHIHFWVE\0007HYHQPRUHFRPSOLFDWHG
%HIRUHIDWLJXHWHVWLQJWKHLQLWLDOPDJQHWLFVLJQDOLVUHODWLYHO\VWURQJ7KLVLVEHFDXVHWKHPDJQHWLFOLQHVDUHFXWE\
WKH FUDFN ZKLFK PDNHV WKH VHOIPDJQHWLF ILHOG OHDNDJH EHFRPH VWURQJHU 'XULQJ IDWLJXH WHVWLQJ WKH VWUHVV
FRQFHQWUDWLRQLQWKHYLFLQLW\RIFUDFNZLOOLQFUHDVHZLWKORDGLQJF\FOHVWKHUHIRUHPRUHDQGPRUHPDJQHWLFGRPDLQV
ZLOODOLJQLQWKHVWUHVVGLUHFWLRQZKLFKOHDGVWRWKHLQFUHDVHRIPDJQHWLFILHOGZLWKORDGLQJF\FOHV
3.3. Image and spontaneous magnetic field of 12 mm deep crack 
$IWHUF\FOHVPPGHHSFUDFNZDVSUHSDUHGWRVWXG\WKHHIIHFWRIKLJKVWUHVVFRQFHQWUDWLRQGHJUHHRQWKH
VSRQWDQHRXVPDJQHWLFILHOG7RKDYHDGLUHFWLPSUHVVLRQ72)'WHFKQLTXHZDVDSSOLHGWRPPGHHSFUDFNDORQJ
LWVOHQJWKGLUHFWLRQ)LJVKRZVLWVRULJLQDOVWDWH,WFDQEHVHHQWKDWWKHFUDFNKDVDEDVHERWWRPZKRVHGHHSHVW
GHSWKLVPPDQGOHQJWKLVPP$IWHUF\FOHVWKHFUDFNGHSWKH[WHQGVWRPP7KHOHQJWKRIWKH
FUDFNKRZHYHUFKDQJHVYHU\OLWWOH$WODVWWKHFUDFNLVSHQHWUDWHGZLWKOHDNDJHSRLQWVDIWHUF\FOHV


)LJ72)'LPDJHRIPPGHHSFUDFNEHIRUHIDWLJXHWHVWLQJ
)LJXUHDDQGELQGLFDWHWKDWHS\VLJQDOVDWFUDFNFKDQJHVKDUSO\DQGWKHJUDGLHQWVKPD[DUHH[WUHPHO\KLJKIRU
WKHPPGHHSFUDFNZKHQPHDVXUHGSHUSHQGLFXODUWRWKHFUDFN$IWHUORDGLQJF\FOHVWKHHS\VLJQDOVDQG
KPD[UHGXFHGXHWRWKHVWUHVVUHOD[DWLRQZKLFKFDXVHGE\FUDFNH[WHQVLRQ 
6LPLODUWRWKDWLQPPGHHSFUDFNWKHƸpLQPPGHHSFUDFNKDVQRDSSDUHQWFKDQJHZLWKORDGLQJF\FOHV
,WZDV UHSRUWHG WKDW >@SHDNSHDNZLGWKFDQSURYLGHYLWDO LQIRUPDWLRQ LQFKDUDFWHUL]LQJ WKH IHDWXUHRI VWUXFWXUDO
GHIHFWVLQPDJQHWLFIOX[OHDNDJHWHVWLQJDQGWKHGHHSHUWKHEXULHGGHIHFWVWKHZLGHUWKHPDJQHWLFIOX[OHDNDJHLV
:DQJ DQG RWKHUV > @ KRZHYHU KDYH VWXGLHG WKH UHJXODULW\ RIPDJQHWLFPHPRU\ VLJQDOVZLWK GHIHFWV XVLQJ
PDJQHWLFFKDUJHGLSROHVE\QXPHULFDOVLPXODWLRQ,WZDVIRXQGWKDWWKHƸp LVVHQVLWLYHWRWKHVL]HRIGHIHFWVEXW
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LQVHQVLWLYHWRWKHGHIHFWORFDWLRQVXUIDFHRULQQHUGHIHFWV1HYHUWKHOHVVWKHUHVXOWVLQWKLVVWXG\LQGLFDWHWKDWWKHƸ
pRIPDJQHWLFVLJQDOVLVLQVHQVLWLYHWRWKHGHSWKRIVXUIDFHFUDFN

   
  
)LJ9DULDWLRQRIHS\VLJQDOVDQGKPD[ZLWKORDGLQJF\FOHVZKHQPHDVXUHGSHUSHQGLFXODUDEDQGSDUDOOHOFGWRPPGHHSFUDFN
:KHQPHDVXUHGSDUDOOHOWRWKHFUDFNWKHHS\FXUYHVSURILOHRIWKHWZRFKDQQHOVKDVDEURDGSHDN7KHYDULDWLRQ
WUHQG RIKPD[ ZLWK ORDGLQJ F\FOHV LV VLPLODU WR WKDWZKHQPHDVXUHG SHUSHQGLFXODU WR WKH FUDFN 2ZLQJ WR ORWV RI
PDJQHWLFOLQHVDUHFXWE\FUDFNWKHVSRQWDQHRXVPDJQHWLFILHOGRIPPGHHSFUDFNLVUDWKHUVWURQJ7KHHIIHFWRI
VWUHVVFRQFHQWUDWLRQRIWKHPPGHHSFUDFNLVJUHDWHQRXJKWRFDXVHFUDFNSURSDJDWLRQDIWHUF\FOHVDQGWKH
FUDFNSURSDJDWHVXQVWDEO\VR WKDW WKHJDVF\OLQGHUTXLFNO\ OHDNVDIWHUF\FOHV7KHVHUHVXOWVDUH LQDJUHHPHQW
ZLWK6KLDQGRWKHUV¶VWXG\>@ZKHUH WKHHS\VLJQDOVRI&U1L$VWHHO LQFUHDVHZLWK WKHVWUHVVFRQFHQWUDWLRQ
IDFWRU
&RQFOXVLRQV
([SHULPHQWDO UHVXOWV ZHUH VKRZQ LQ WKLV VWXG\ WR FDSWXUH WKH YDULDWLRQ RI WKH QRUPDO VSRQWDQHRXV VWUD\ ILHOG
FRPSRQHQWZLWKIDWLJXHF\FOHVZLWKGLIIHUHQWGHJUHHRIVWUHVVFRQFHQWUDWLRQ)XUWKHUPRUHWKHPDJQHWLFVLJQDOVZKHQ
PHDVXUHGSDUDOOHODQGSHUSHQGLFXODUWRFUDFNZHUHSUHVHQWHG&RQVHTXHQWO\WKHIROORZLQJUHVXOWVZHUHREWDLQHG
8QGHUFRPSDUDWLYHO\FRPSOH[VWUHVVWKHYDULDWLRQRIWKHVSRQWDQHRXVPDJQHWLFILHOGRIDUWLILFLDOFUDFNVZLWK
F\FOLQJQXPEHUVIRUODUJHVDPSOHGHSHQGVXSRQWKHGHJUHHRIVWUHVVFRQFHQWUDWLRQDQGLVTXLWHGLIIHUHQWIURPWKDWLQ
VPDOOVDPSOHV)RU WKHPPGHHSFUDFN WKHKPD[GRHVQRWFKDQJHZLWKF\FOLQJQXPEHUVZKLOHIRU WKHPP
GHHSFUDFNWKHKPD[OLQHDUO\LQFUHDVHVZLWKF\FOLQJQXPEHUVDQGIRUWKHPPGHHSFUDFNWKHKPD[ZLWKKLJKYDOXHV
FKDQJHVLUUHJXODUO\ZLWKIDWLJXHF\FOHV 
7KHHS\FXUYHVSURILOHPHDVXUHGSHUSHQGLFXODUWRWKHFUDFNLVTXLWHGLIIHUHQWIURPWKDWPHDVXUHGSDUDOOHOWR
WKHFUDFNIRUH[DPSOHWKHHS\FKDQJHGLWVSRODULW\DERYHFUDFNIRUWKHIRUPHUZKLOHHS\KDGDEURDGSHDNRYHU
FUDFNIRUWKHODWWHU
7KHPDJQHWRPHFKDQLFDOHIIHFWKDGDVWURQJHIIHFWRQPDJQHWLFPHPRU\VLJQDOVZKLFKPDNHVWKHTXDQWLWDWLYH
LGHQWLILFDWLRQRIGHIHFWE\HS\VLJQDOVPRUHFRPSOLFDWHG
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